Introduction
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rumen fermentation and results from diets (Havassy et al., 1982) .
It was shown in our previous work that increasing the protein content in the diet of goats reduced the efficiency of utilizing endogenous urea nitrogen (Michalski et al., 2012) . The hypothesis for the study was that the endogenous urea nitrogen of blood can be utilized by ruminal bacteria for biosynthesis of amino acids, and that the extent of this utilization depends on the protein level in diets.
The aim of the current study was to estimate the size of endogenous urea nitrogen incorporation into individual amino acids of ruminal bacterial protein in goats fed a diet containing a low, medium, or high protein level.
Material and methods

Animals and nutrition
The experiment was carried out on three primiparous Alpine goats at 105 days of lactation. The experimental design was a 3 × 3 Latin square. The goats were fitted with a rumen cannula and permanent catheter into the jugular vein. Lactating goats were 12 months old and weighed 35 ± 2 kg. They were housed in individual cages and fed every 6 h with one of three isoenergetic diets containing, respectively, low (LP), medium (MP), or high (HP) protein levels. The protein concentrations were 11%, 13% and 16% in DM, respectively. The diet containing the medium level of protein best meets the norms of NRC (1981) . The daily amount of the diet (1200 g hay and 1000 g concentrate), was divided into 4 portions (4 × 550 g). Water was freely available. Ingredients of the concentrate are given in Table 1 and the nutrient contents are given in Table 2 .
Experimental design and sampling
The 21-day experimental period consisted of 15 days of adaptation to the diets and 6 days for urea infusion. After the adaptation period, samples of feeds, rumen liquid and blood were collected for analyses. Ruminal liquid (200 ml) and blood samples from the jugular vein (10 ml) were collected twice a day at 08.00 and 14.00. Ruminal bacteria were isolated from ruminal liquid by two-step centrifugation, according to Meyer et al. (1967) . All collected samples were stored at -20°C until analysis. Ruminal bacteria were lyophilised.
N-urea infusion
From the second day of sample collection, goats were continuously infused for 6 days with 15 N-labelled urea (98 atom % excess). All of the animals were infused into the jugular vein with 1.6 g · d 
Analyses
The nutrient contents in feeds was determined according to AOAC procedures (1990). Ammonia in ruminal liquid was determined by the Conway method (1954) . The concentrations of urea in ruminal liquid samples were quantified using high-performance liquid chromatography with pre-column derivation (Czauderna and Kowalczyk, 2009 ).
The bacterial protein was hydrolysed in culture tubes, using 6 M HCl in water at 105°C for 22 h. Then the samples were dried with a rotary evaporator at 60°C. Free amino acids were esterified in culture tubes with 3 M hydrochloride in n-butanol (Sigma-Aldrich) (35 min. at 100°C). The aminoacid n-butyl esters were then N-acylated with trifluoroacetic acid anhydride (5 min. at 130°C) according to Gehrke (2005) . N-trifluoroacetyl n-butyl esters of amino acids were analysed by gas chromatography with a mass-selective detector using a capillary column (30 m × 0.25 mm × 0.25 µm). Glutamine and glutamic acid, as well as asparagine and aspartic acid, were determined together as Nacylated butyl derivatives of glutamic and aspartic acids. The content of isotope 15 N in individual amino acids was calculated by reading the intensity of individual ions with a mass detector.
The data were statistically analysed using the non-parametric Mann-Whitney U test for comparing independent experimental groups. The Statistica v. 10 package was used (www.statsoft.pl). 
Results and discussion
No significant differences in diet intake were found among all groups of goats (Table 3) .
The content of ammonia in ruminal liquid (Table  4 ) differed highly significantly among groups. The amount of ruminal ammonia was larger in the group with the medium protein level and highest in the group with the high protein level (by 81% and 236%, respectively). This indicates that the level of protein in the diet significantly affected the concentration of ammonia nitrogen in ruminal liquid, pointing to greater protein degradation in the rumen. Increasing protein intake caused a significant increase in the level of urea in blood plasma. Plasma urea concentration differed highly significantly among groups (P < 0.01), and increased together with the level of protein in the diets (Table 4) . At the medium level of protein, it was increased by 100%, and at the high level, by 275%. These changes in rumen fluid ammonia or blood urea are typical in ruminants fed diets with different levels of protein (Lapierre and Lobley, 2001) .
The amino acid concentrations as well as the profile of amino acids in bacteria protein (Table 5) were similar to the findings of Michałowski (1990) . We noted that the amino acid profile of bacterial proteins does not depend on the protein content of the diet. There were, however, statistically significant differences in the content of individual amino acids in the bacterial mass, depending on the protein content of the diets. The increase in the dietary protein content resulted in a higher amino acid content in the bacterial mass due to a lower level of storage compounds. Greater enrichment of bacterial amino acids with the 15 N isotope was found in goats fed the low-protein diet than in goats fed the diets with medium and high levels of protein (Table 6 ). Considering the above, we argue that the greatest utilization of endogenous urea by ruminal microorganisms occurred in the goats fed the low-protein diet. Better utilization of urea could have resulted from greater recycling of urea to the rumen in this group (Kowalczyk et al., 1975a; Kennedy and Milligan, 1980; Brun-Bellut, 1996) and the lower supply of nitrogen from the feed. Better utilization of ammonia resulting from the recycled urea in goats fed the lowprotein diet may also have resulted from a higher content of wheat starch, which was the source of energy for microbial protein synthesis.
The observed differences in the recirculation resulted mainly from differences in the concentration of ammonia in the rumen in each dietary group, which are given in Table 4 . This effect has been demonstrated in numerous studies by other authors (Gärtner et al., 1961; Rémond et al., 1996) .
Labelled nitrogen ( 15 N) was found in all assayed bacterial amino acids. At the low protein level in the diet, the greatest enrichment in the nitrogen isotope was observed in glutamic acid, isoleucine and arginine (Table 5 ). In the case of the high-protein diets, the greatest enrichment also was in glutamic acid, followed by arginine and methionine. The lowest incorporation of the infused 15 N isotope, irrespective of the level of nitrogen in the diets, occurred in proline, without significant differences among dietary treatments. The protein level in the diets had the greatest impact on the enrichment in 15 N of aspartic acid and phenylalanine. Glutamine and asparagine in the rumen act as ammonium transporters, a role involving the participation of the relevant enzymes transforming them into glutamic and aspartic acids. During hydrolysis of bacterial protein in an environment 6 M HCl, the -NH 2 group is detached from the amino acid molecule (or more precisely, its amide group). The resulting N-acyl butyl derivatives of glutamic acid or aspartic acid are, therefore, determined instead of glutamine and asparagine. Thus, the amount of the 15 N isotope in the analysed amino acid reflects the actual contents of the 15 N isotope in the residual molecule of amino acid, which was formed resulting from microbial biosynthesis. Therefore, a high enrichment in 15 N of glutamic acid derivatives shows the greatest utilization of EUN for the synthesis of glutamine and glutamic acid. Also, in a study on growing sheep (Havassy et al., 1982) , a high level of enrichment of glutamine was achieved, but only with high-fibre diets.
The level of enrichment of aspartic acid on the low-and medium-protein diets was similar to the results obtained by Havassy (1982) in sheep receiving roughage diets. The level of enrichment of lysine was high in the case of low-and medium-protein diets, but Havassy et al. (1982) in sheep given concentrates achieved much higher enrichment of lysine in 15 N. In our study, a high level of enrichment of methionine was found, much higher than in the study of Havassy et al. (1982) . The lowest enrichment of proline indicates very low utilization of EUN in de novo bio-synthesis of this amino acid in the rumen.
The high enrichment of arginine in 15 N may point to the high intensity of the urea cycle in ruminal bacteria. This amino acid is known to be formed in this cycle in which ammonia released from urea is transported through aspartic acid and attached to citrulline to form the molecule, arginine.
The differences in the level of enrichment in isotope 15 N between our experiment and the study of Havassy et al. (1982) could be ascribed to the different type and composition of the diets.
Conclusions
The level of protein in the diet affects the utilization of endogenous urea nitrogen by ruminal microorganisms for biosynthesis of bacterial amino acids. The most efficient utilization of endogenous urea nitrogen was found in goats consuming the diet with the low protein level and decreased with the increasing dietary protein level. Irrespective of the dietary nitrogen level, EUN was incorporated mostly into glutamic acid. Whatever the level of nitrogen in the diets, the incorporation of 15 N into proline was very low.
The results of this study show that the incorporation of endogenous urea nitrogen into various amino acids of rumen bacteria in goats varies depending on the dietary level of protein. 
